INTRODUCTION {#sec1-1}
============

Obesity is a major risk factor for type 2 diabetes, hypertension, hyperlipidemia, and cardiovascular disease, and it is common across various population worldwide particularly in recent decades.\[[@ref1][@ref2][@ref3]\] Several indexes such as body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) are used to determine general and central obesity in clinical practice. Although BMI is the most commonly used parameter for evaluation of obesity, but as a measure for identification of body composition as well as regional body fat distribution is not reliable because it is a marker of general obesity rather than central obesity.\[[@ref4]\] Whereas, diagnosis of central obesity which correlates with abdominal and the visceral accumulation of adipose tissue and development of subsequent metabolic abnormalities and cardiovascular morbidity is more important.\[[@ref5]\] Visceral fats are linked with lipolytic activity and reduce insulin activity through increasing fatty acids.\[[@ref4][@ref6]\] Among many anthropometric parameters, WHtR and WC are better measures of visceral and abdominal fat distribution.\[[@ref4][@ref7]\] In addition, these measures are better than BMI in predicting cardiovascular diseases.\[[@ref8]\]

In spite of some biological plausibility of this evidence, the reports from different studies, remained controversial.\[[@ref6][@ref9][@ref10][@ref11][@ref12]\] It was shown that while WC is strongly correlated with BMI but the association between diabetes with WC is greater than BMI which is a measure of general adiposity.\[[@ref9][@ref10][@ref13]\] Similarly, WC exhibits greater ability in predicting abnormal fasting blood glucose as compared with BMI. Nonetheless, the cutoff levels for either of these measures depending on the ethnicity of the study populations vary across different studies.\[[@ref13]\] This issue is of particular importance, because recognizing patients at higher risk of future development of diabetes or cardiovascular disease is helpful for planning preventive measures. In Northern Iran, obesity, and metabolic syndrome and diabetes is highly common due to changes in lifestyles and background characteristics.\[[@ref3][@ref14]\] Nonetheless, data regarding ability of obesity measures in the prediction of diabetes are scarce. Hence, the present study was conducted to estimate the ability of different anthropometric measures for prediction of diabetes and to determine their optimal cutoff level.

METHODS {#sec1-2}
=======

We analyzed the data of a population-based cross-sectional study of 1,000 representative samples in urban adult aged 20--80 years in Babol, Northern Iran in 2012. This study primarily focused on the prevalence of cardiovascular risk factors and metabolic syndrome. A full description of the method was described elsewhere.\[[@ref14]\] In brief, we used the two-stage standard cluster sampling techniques. In the first stage of sampling, we selected 25 clusters randomly based on cumulative frequency of population size of coverage of urban health centers. Then, around the centers of each cluster, about 50 subjects were recruited who met our inclusion. In a household survey, the individuals with history of recent severe cardiovascular atherosclerosis events, diagnosis of cancer under radio-chemotherapy, history of congenital disorders, end stage of kidney disease and also pregnant women were excluded from the study. Data regarding demographic and history of diabetes were collected with interview with a designed questionnaire. All anthropometric measures such as weight, height, WC, hip circumference were measured with a standard method. BMI was calculated as weight in kg divided by height in m^2^. WHR was defined as the ratio of WC to the hip and WHtR was calculated as the ratio of waist-to-height. After interview and clinical examination, all participants were requested to refer to the central lab in Ayatollah Rohani Hospital. Fasting blood sugar (FBS) was measured after 10--12 h overnight fasting in the morning at 7.00--9.00 by enzymatic method using oxidize test. Diabetes was diagnosed by FBS ≥ 126 mg/dl. We used the WHO criteria of obesity definition: BMI 18.5--24.9 for normal, 25--29.9 for overweight and ≥ 30 as obese. Abnormal WC was diagnosed according to ATP criteria as ≥ 102 for men and ≥ 88 cm in women. A written informed consent was obtained from all participants before study enrollment. The protocol of this study was approved by Ethical Consol of the Babol University of Medical Sciences.

In statistical analysis, we used SPSSS software version 18. The prevalence of diabetes was compared according to age as well as decades of age, sex, educational level, various levels of general and central adiposity regarding BMI, WC, WHR, and WHtR. In addition, subjects of both sexes with without diabetes were compared according to anthropometric measures including, age, weight, height, BMI, WC, WHR, WHtR with two independent samples *t*-test for normally distributed data and Wilcoxon test for variables without normal distribution. receiver operating characteristic (ROC) analysis was performed and the discriminating ability of BMI, WC, WHR, and WHtR was estimated by determining area under the ROC curve (AUC) and its 95% confidence interval (95%CI) and the optimal cutoff value. Diagnostic performance and the optimal cut-off value for each measure were determined using Yoden index that minimizes 1 -- (sensitivity + specificity) or equivalently maximizes the sum of sensitivity and specificity in ROC space. In statistical analysis, the values of *P* less than 0.05 were considered as a significant level.

RESULTS {#sec1-3}
=======

The mean age (±standard deviation) of participants was 43.5 ± 14.4 and 41.8 ± 12.6 years in men and women, respectively, (*P* = 0.06). A total of 450 participants (45%) were men, and 550 (55%) were women. Prevalence rate of diabetes in men and women was 14% and 13.5% (*P* = 0.65), respectively \[[Table 1](#T1){ref-type="table"}\]. Diabetes in subjects \> 60 years of age was 25.5% versus 3.7% in younger age group of 20--29 years (*P* = 0.001). Obesity (BMI \> 30 kg/m^2^ vs. \<25 kg/m^2^) was significantly associated with diabetes (*P* = 0.001). Prevalence of diabetes was inversely correlated with educational levels (*P* = 0.001) and the highest prevalence rate was observed in low educated groups (28.6% vs. 6.8% in illiterates and university educated, respectively) \[[Table 2](#T2){ref-type="table"}\]. The values of all anthropometric measures in the diabetic group were significantly greater as compared with nondiabetics in both sexes \[[Table 3](#T3){ref-type="table"}\]. The ability of all measures for prediction of diabetes in women was greater than in men. WC in men and WHtR in women exhibited the greatest predictive ability for diabetes with respective accuracy of 69% and 64% \[[Figure 1](#F1){ref-type="fig"}\].
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Diagnostic accuracy of different anthropometric measures for detection of abnormal FBS and their optimal cut-off values according to gender
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Other measures such as BMI, WHR, and WC yielded comparable predictive ability in women, whereas, their ability in men was lower in particular WHR had the least accuracy of 60% in men. The accuracy of BMI for diabetes in men was much lower than in women (62% vs. 67%, respectively). According to cutoff value, the WC at cutoff level of 98.5 cm or greater yielded highest accuracy in predicting diabetes in men at sensitivity of 60% and specificity of 70% whereas, WHtR at cutoff level of 0.51 yielded the highest accuracy in predicting diabetes in women with sensitivity of 89% and specificity of 35%. However, in women the predictive ability of WC with a cutoff value of 89.5 cm was close to WHtR. Accuracy and cutoff levels of all measures are presented in [Table 3](#T3){ref-type="table"}. WHR and WHtR were the most sensitive but least specific for predicting diabetes in men with respective sensitivity of 89% and 35% whereas BMI and WHtR were the most sensitive and least specific in women with respective sensitivity of 89% and 39%. On the other hand, WC was the most specific measure of diabetes in women at 70% and the WHR the most specific measure of diabetes in women at 59%.

DISCUSSION {#sec1-4}
==========

The findings of this study indicated a positive relationship between diabetes and aging, weight, BMI, and WC, as well as an inverse relationship between diabetes and educational level. Among the anthropometric measures, the WC yielded slight superiority to BMI in predicting diabetes in men, whereas in women the predictive ability of WC was close to BMI but with slightly higher specificity and lower sensitivity. Overall, both WC and BMI were more sensitive but less specific in prediction of diabetes in women as compared with men. The ability of other anthropometric measures such as WHR and WHtR were comparable with WC in both sexes, but these measures yielded greater performance in women. Nonetheless, WHtR at cut-off point value of 0.51, yielded the highest sensitivity in both sexes, but lower specificity than WC.

Diabetes is linked to obesity in particular abdominal obesity. Therefore, measure like WC, which estimates abdominal obesity is a better predictor of diabetes than BMI which is a marker of general obesity. Measures of abdominal obesity such as WC, WHR, and WHtR correlate with regional body fat distribution in particular abdominal obesity.\[[@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] Lower predictive ability of BMI in men may be explained by dependency of BMI to height. Men are taller than women and so BMI in men are expected to be more affected by height as compared with women. In women, the predictive ability of BMI is close to WC. Thus in women, all measures of abdominal obesity such as WC, WHR, and WHtR and even BMI have demonstrated comparable predictive ability. Superiority of WC over BMI in predicting diabetes as observed in the present study has been also shown in other studies\[[@ref10][@ref16][@ref19]\] including a meta-analysis of 31 studies.\[[@ref26]\]

In the present study, performance of WHtR in recognizing diabetes was greater than WC, WHR, and BMI in both sexes as well as in other studies.\[[@ref16][@ref18][@ref19][@ref25]\] Even in subjects with normal WC and BMI, the WHtR is helpful in recognizing high-risk subjects.\[[@ref25]\] For these reasons, WHtR has been suggested as a simple and useful screening tool for predicting diabetes in Chinese population.\[[@ref19]\] It is also a useful tool in recognizing impaired glucose tolerance test in younger age group.\[[@ref20]\] Among all central obesity parameters, WHtR yields higher ROC curve than BMI and greater predictive ability for diabetes in men.\[[@ref16]\] The findings of the present study are in consistent with a longitudinal study of Iranian population that WHtR yielded the highest ability for future development of diabetes between other anthropometric measures.\[[@ref17]\] In another prospective study of Chinese people over a median follow-up duration of 2 years, WHtR with AUC = 0.63 was the best predictor of diabetes in men but WC with AUC = 0.70 was the best predictor of diabetes in women.\[[@ref22]\] Nonetheless, in another longitudinal study of Tehranian people WHtR and BMI exhibited similar predictive ability in both sexes.\[[@ref21]\]

The clinical significance of anthropometric measures such as WC and WHtR is not limited to their predictive ability for diabetes but also for their potential in recognizing subjects on future development of cardiometabolic complications.\[[@ref23][@ref26][@ref27][@ref28][@ref29]\] A systematic review of 22 prospective analyses showed that WHtR and WC significantly predicted cardiovascular outcomes similarly better than BMI.\[[@ref26]\] These findings were supported by cross-sectional studies consisted of adults and children.\[[@ref25]\] A cut-off value of 0.50 which is close to WHtR cut-off value derived from the present study has been reported from a study consisting of Caucasian, Asian, and Central American subjects from different countries for both men and women. At this cutoff level, WHtR predicted all cardiometabolic outcomes.\[[@ref30]\]

The cross-sectional nature of this study may limit causal interpretation of the findings and thus the direction of causality may be unclear. We also used diabetes as dependent variable using fasting glucose criterion. There could be some merit in looking at impaired fasting glucose and another criterion of diabetes diagnosis for future prospective studies. However, our study has some advantage; it is a large sample of population-based study that used a standardized well-validated instruments and appropriate sampling method. Thus, it is expected with minimal bias.

CONCLUSIONS {#sec1-5}
===========

The results of our study in consistent with earlier studies indicate that WC with respective cut-off value of 98.5 cm and 89.5 cm in men and women, respectively, and WHtR at cut-off value of \>0.51 of both sexes predicted diabetes better than BMI and discriminated diabetic from nondiabetic with higher accuracy in both sexes. Regarding high prevalence rate of obesity, metabolic syndrome, diabetes, and cardiovascular diseases in the general population of this geographic region.\[[@ref3][@ref14][@ref31]\] The results of this study emphasize application of WHtR and WC as an appropriate discriminative tools for identification of diabetes.
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